Introduction
Rheumatoid arthritis (RA) is a chronic, autoimmune, systemic disease manifested by progressive symmetrical erosive synovitis with unclear etiology. The extraarticular affection was seen in ∼50% of RA patients [1] .
All anatomic structures of the lung were affected by RA. Pulmonary involvement included pleural lesions, rheumatoid nodules, interstitial lung disease (ILD)/ restrictive disease, and airway disease/obstructive disease [2] .
Bronchiectasis was reported in up to 30% on highresolution computed tomography scan (HRCT). Bronchitis may also present. The most common lung disease in RA that is associated with morbidity and mortality is ILD. One study showed that the median survival rate was 2.6 years after diagnosis of ILD. Thirteen percent of all mortality in RA patients were due to ILD [3] .
It has been recommended that patients with RA must be surveyed for lung involvement, especially ILD, through the use of chest radiographs (e.g. radiographs) and pulmonary function tests (PFTs) [4] . However, there is no consensus regarding the appropriate screening tool for lung involvement in RA patients. HRCT had been proved to be useful for the detection and characterization of morphological changes in the lungs of RA patients. Lung diseases in RA were reported to be more frequent in men with long-standing RA, in the existence of increased rheumatoid factor and in more severe joint inclusion; however, it is a subject of controversy (More et al., 2008) [5] .
The aim of this study:
(1) Assessment of chest abnormalities in RA patients.
(2) Correlation of this abnormality with activity, duration, and serological abnormalities of RA.
Patients and methods
Our study included 174 RA patients. The patients were diagnosed according to ACR criteria 1987 [6] or ACR/ EULAR 2010 criteria, which of these the patients fulfill. All patients were recruited from Damietta, Al-Azhar University Hospital, from January 2016 to March 2018. All patients were selected randomly. Randomization based on a single sequence of random assignments (simple randomization). The protocol of this study was approved by the Local Ethics and Research Committee of Al-Azhar Faculty of Medicine (New Damietta), and informed consent was signed by each patient before inclusion in the study.
A patient with one or more of the following criteria was excluded from this study: (a) past history of chronic chest diseases as bronchial asthma, (b All patients were divided according to the duration of RA into two groups: group A early RA (<2 years) and group B late RA (>2 years).
Computed tomography (CT) scanning by 160 slice multidetector scanner (Aquilion PRIME; Toshiba Medical System, America) was used for this study. The criteria for the apparatus were thin CT scans: 120 KV, 130 MA; 2-mm collimation at 10-mm intervals, from the lung apices to the diaphragm Images were recreated with a high spatial-frequency algorithm.
HRCT scans were done with subjects in the supine position, at the suspended end-inspiratory volume, with 1 s imaging times. Windows appropriate for lung parenchyma (window width 1300-1500 HU; window level −750 to −650 HU) and the mediastinum (window width 400 HU; window level 30-50 HU) were used for obtaining images.
Abnormal findings on HRCT were defined according to the criteria described by Terasaki et al. [7] and Mori et al. [8] . HRCT findings were separately scored as the number of pulmonary segments involved (segments 0-19) and for each patient, one or two predominant HRCT findings and their distribution and extent were investigated. The most likely diagnosis for each case was made according to the criteria of HRCT patterns defined by Tanaka et al. [9] .
PFTs: PFT were performed by using a spirometer. Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), FEV 1 /FVC ratio, and forced expiratory flow from 25 to 75% of vital capacity (FEV 25-75 ) were measured by a spirometer (Chestac 65 V or Chester 8800; Chest Inc., Tokyo, Japan), with subjects in the sitting position.
Statistical analysis
Numerical variables were expressed as mean±SD, while categorical variables were expressed as frequency and percent. Comparison between two groups was done by independent sample Student's t-test and χ 2 -test for quantitative and categorical variables respectively. All statistical analyses were done by a statistical package for the social sciences (SPSS) version 21 (IBM SPSS Inc., Chicago, Illinois, USA).
Results
The significantly increased in group A, while moderate and high DAS28 were significantly increased in group B ( (Table 4 and Figures 1-7) . In this study, patients with positive CT findings had significantly high positive RF, positive anti-CCP, and significant increase of moderate and severe DAS28 and significantly longer disease duration when compared with patients with negative CT findings ( Table 5 ).
Correlation between DAS28 and pulmonary function showed high significance, an inverse correlation between DAS28 and each of FEV 1 % of predicted, FEV 1 /FVC, FEV 25-75% predicted. Similarly, there was significant inverse correlation and mild correlation between disease duration and each of FEV 1 % of predicted, FEV 1 /FVC, FEV 25-75% predicted ( Table 6 ).
Discussion
Our study showed that RA patients had considerable changes on HRCT of chest, either those with early or late disease, with a significant increase of these abnormalities in patients with long-standing diseases in comparison to those with early disease.
Robles-Perez et al. [10] reported that even in early RA patients (within 12 months) those without respiratory symptoms, frequently present with PFT abnormalities.
In addition, the correlation between physiological lung changes and parameters of rheumatoid activity indicates a possible association between chest affections and disease activity. So, some biological parameters may help to identify patients with a higher risk of chest affections.
Our results demonstrated that 30.4% of early RA patients had chest abnormalities in HRCT chest and this result agrees with Gabbay and colleagues [11] [12] [13] , who reported that 33-40% of early RA had lung abnormalities. Furthermore, the results of our study go in agreement with the previous studies that reported that the main lung abnormalities were septal thickening, ground glass opacities, and air trapping, which were confirmed by our study.
Research by Metafratzi et al. [14] , on 43 early RA patients, revealed that HRCT chest showed air trapping in 69%, bronchiectasis in 58%, bronchial wall thickening in 52%, and ground glass opacities in 35% of the patients. These abnormalities compared with our study are so high. The low percentage of smokers in our study may be responsible for the low percentage of abnormalities. It is well known that smoking is one of the most important risk factors leading to increased pulmonary changes in patients with RA [15] .
This study showed that bronchial dilatation was significant radiological findings in long-standing RA and it is a hallmark of bronchiectasis. Hassan et al. [16] suggested that bronchiectasis in life-long RA patients is much higher (25%) than our study.
In Saudi Arabia, Alamoudi and Attar [17] reported that HRCT scanning discovered abnormalities in 67% of RA patients. In addition, other studies reported an incidence of abnormalities that varied between 49.3 and 90% [3] . The results of our study confirmed these findings.
Previous studies demonstrated that only 10-30% of RA with HCRT abnormalities displays respiratory symptoms. Thus, HRCT scanning is considered more effective in detecting lung involvement. In their work, Mori et al. [8] observed that patients with long-standing RA suffer more from airway abnormalities, although the difference was nonsignificant when compared with early RA. However, a high prevalence of airway abnormalities (such as in our work) was also reported in previous HRCT studies in patient populations with relatively long-standing disease duration [7] .
In this study, the CRP value, ESR, DAS28, indicators of disease activity were significantly higher in longstanding RA patients. Also, our study has shown that the prevalence of chest HRCT abnormalities of the respiratory system was more prevalent in patients with long-standing RA, and airway abnormalities were evident. In addition, pulmonary functions were significantly reduced in those patients with increased levels of CRP and ESR and high DAS28. These results are in agreement with the results reported in the study of Mori et al. [8] .
Conclusion and recommendations
This study has shown that the prevalence of chest HRCT abnormalities of the respiratory system was more prevalent in long-standing RA patients. In addition, pulmonary functions were significantly reduced in those patients with increased RA activity.
So, we recommend all patients with RA to be investigated by chest HRCT to detect pulmonary abnormalities as early as possible.
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